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Abstract 

Background: Running has many health benefits and has therefore become a sport 
with an expanded popularity worldwide. With it comes an increased incidence of 
overuse injuries, and there is a constant debate whether the shoes a runner uses 
should be as supportive as possible or minimalistic in order to facilitate a more 
natural running pattern. Many running retail outlets use video analysis to find out 
whether the runner has excessive rearfoot eversion (if they overpronate) or not and 
prescribe running shoes accordingly.  
Purpose: The purpose of the present study was to investigate the effect of an exercise 
program on pronation/rearfoot eversion in female recreational runners and compare 
the results to running with a shoe with support under the midsole, a stability shoe. 
Method: Eight participants were recruited, and they were all recreational female 
endurance runners. On test day 1 a maximum voluntary isometric contraction 
(MVIC) of the ankle invertors was recorded. After that, the rearfoot inversion/
eversion angle was measured whilst running on a treadmill both in neutral and in 
stability shoes. The participants were divided in two groups using the every other 
method, and the intervention group (5 participants) went home with an exercise 
program to carry out over 6-8 weeks, and the control group (3 participants) did not. 
On test day 2 the same procedure followed. Due to the small sample size the current 
study is categorised as a pilot study. 
Results: There was no significant difference (p>0.05) in maximum voluntary 
isometric contraction between the two test days, in both groups, and also no 
significant difference (p>0.05) in rearfoot eversion in either of the groups and not 
when comparing the different types of shoes. Looking at individual results in the 
study group however there is an indication that rearfoot eversion decreased for more 
participants than did not, and it would therefore be of interest to look at this topic on a 
larger group. 
Conclusion: The results showed no significant difference in rearfoot eversion/
inversion after exercise therapy, however after analysing individual results it would 
be of interest to see this pilot study on a larger group. 
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Abstrakt 

Bakgrund: Löpning har många hälsofördelar och har därför blivit en sport med ökad 
popularitet över hela världen. Med det kommer en ökad förekomst av skador och det 
finns en ständig debatt om de skor som en löpare använder ska vara så uppbyggda 
som möjligt eller mer minimalistiska för att främja ett mer naturligt löpsteg. Många 
löparbutiker använder videoanalys för att ta reda på om löparen har en överdriven 
eversion i subtalarleden (om de hyperpronerar) eller inte och rekommenderar 
löparskor i enlighet med detta. 
Syfte: Syftet med den aktuella studien var att utreda effekten av ett träningsprogram 
på pronation/subtalar eversion hos kvinnliga distanslöpare, och att jämföra resultatet 
med en löparsko med extra stöd under fotvalvet. 
Metod: Åtta deltagare rekryterades till studien, och de var alla kvinnliga 
motionslöpare. På testdag 1 registrerades en maximal isometrisk kontraktion av 
fotledens invertorer. Därefter mättes vinkeln av inversion/eversion under löpning på 
en löpband både i neutrala och i stabilitetsskor. Deltagarna delades in i två grupper 
med hjälp av varannan-metoden och interventionsgruppen (5 deltagare) gick hem 
med ett träningsprogram att utföra över 6-8 veckor, och kontrollgruppen (3 deltagare) 
gjorde inget. På testdag 2 följde samma procedur. På grund av den lilla 
gruppstorleken kategoriseras den aktuella studien som en pilotstudie. 
Resultat: Det var ingen signifikant skillnad (p> 0.05) av på den maximala 
isometriska kontraktionen mellan de två testdagarna, i någon av grupperna, och ingen 
signifikant skillnad (p> 0.05) av inversion/eversion i någon av grupperna och inte 
heller när man jämförde de olika typerna av skor. Om man tittar på individuella 
resultat i studiegruppen finns det dock en indikation på att nivån av eversion 
minskade för fler deltagare än inte, och det skulle därför vara intressant att titta på 
detta ämnet i en större grupp.  
Konklusion: Resultaten visade inte någon signifikant skillnad i eversion/inversion i 
subtalarleden efter träningsterapi, men efter analysering av individuella resultat skulle 
det vara intressant att se denna pilotstudie i större grupp. 

Sökord 
Pronation, Löpning, Löparskor, Subtalarled. 
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1. Introduction 

   Running has become a popular activity worldwide because of its positive general 

health benefits (Dugan & Bhat 2005). However it is also for this reason associated 

with an increased incidence of overuse musculoskeletal injuries (Butler et al. 2006, 

Lilley et al. 2013, Rose et al. 2011). The most important piece of equipment in 

running is the shoes, as they are used to protect the runner against these types of 

injuries (Butler et al. 2006).  

   Pronation occurs as a normal phase in the running gait cycle as it works as force 

absorption and also as accommodation on uneven surface (Dugan & Bhat 2005, 

Hintermann & Nigg 1998), and Cheung & Ng (2007) define pronation as a combined 

movement of calcaneal eversion, forefoot abduction and dorsiflexion. 

   It is excessive pronation/rear foot eversion, that can be of concern as it is shown to 

predispose to an increased injury risk (Rose et al. 2011,  Lilley et al. 2013, Cheung & 

Ng 2010). Andreasen et al. (2013) explain that excessive pronation is one of the 

‘casual mechanisms’ often related to foot, lower leg and hip injuries. Lack of muscle 

strength can predispose to excessive pronation, especially of the muscle groups 

Triceps surae, Peronei as well as Tibialis posterior and anterior (Andreasen et al. 

2013). O’Connor & Hamill (2004) discuss the Tibialis posterior as the primary 

invertor as it controls the amount of pronation at stance phase. 

   Several studies have shown that shoes with extra support under the midsole can 

reduce rear foot eversion (Lilley et al. 2013, Cheung & Ng 2007, Butler et al. 2006). 

Lilley et al. (2013) found that rear foot eversion was greater in mature females (40-60 

years) than in young females (18-25 years) when using a neutral cushioned running 

shoe. They also found that a a shoe with midfoot support reduced rear foot eversion 

and knee internal rotation for both groups. Only females were tested, with the 

argument that they are more prone to overuse injuries, and particularly at mature age. 

Recreational runners are often tested rather than elite runners, because recreational 

runners are more susceptible to injuries (Cheung & Ng 2010, Sinclair 2014) and for 

the fact that elite runners are generally more fatigue resistant (Cheung et al. 2007). 

   Shoes that have been used as test footwear are for example the models Adidas 

Supernova Glide or Mizuno Wave Rider - termed neutral - and Adidas Supernova 

Sequence or Mizuno Wave Inspire - termed motion control shoes (Lilley et al. 2013, 
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Rose et al. 2011). Most running shoe manufacturers (Adidas, Mizuno, Saucony, 

Brooks to name a few) normally refer to the model Supernova Sequence, the Wave 

Inspire and their equivalent shoe models as stability shoes rather than motion control 

shoes, therefore this term is used in this paper.   

   There is also an ongoing discussion about barefoot running and minimalistic 

running, which is described as a more natural way of running. The past few years 

manufacturers have produced shoes with less cushioning in order to replicate the more 

natural running style, and to strengthen the muscles of the foot and ankle (Willson et 

al. 2014). The background to the current study came from this, and the thought that 

specific exercises may help to decrease the level of rearfoot eversion, without the 

external help from a structured stability shoe.  

   The only study found that looked at the effect of exercise therapy to help people 

with excessive pronation (also often referred to as over-pronation although this is not 

a scientific term) was carried out on people with foot injuries but they were not 

specifically runners (Andreasen et al. 2013). Exercise therapy was compared with the 

use of custom-made insoles. It was therefore of interest to see how exercise therapy 

could compare with standard stability running shoes that many recreational runners 

use. If an exercise program with strengthening exercises of ankle invertors and gluteal 

muscles can help decreasing the level of pronation/rearfoot eversion to an equal 

standard as a shoe with support under the midsole. If this would be the case the runner 

with excessive pronation/rearfoot eversion does not have to use a stability shoe but a 

neutral shoe if they wish, as long as the exercises are adhered to. Anyone who does 

not have time or interest in doing the exercises can in a traditional way use stability 

shoes. This would give the runner more options in terms of footwear choice and it 

would improve the way running specialist retailers sell shoes to their customers. 

Aim    

   The purpose of the present study was to investigate the effect of an exercise 

program on pronation/rearfoot eversion in female recreational runners and compare 

the results to running with a shoe with support under the midsole, a stability shoe. 
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2. Methods 

2.1 Study design 

   A quantitative, randomised, prospective intervention.    

2.2 Participants 

  Eight recreational female runners were included in this study. Participants were all 

injury free at the time of testing and provided written informed consent prior to taking 

part. They had received all necessary information about the tests in the study 

invitation. The mean characteristics of the participants are presented in Table 1. 

Participants were recruited from the local running community and some were 

customers in the running store were testing took place. The procedure was approved 

by the Ethical Advisory Board in Southeast Sweden (dnr. EPK 255-2014). More 

detailed demographic information can be found in table 1. 

Table	1	Descriptive	characteristics	of	eight	participants.	They	were	all	female	
recreational	endurance	runners	and	recruited	from	local	running	clubs.		
The	participants	were	randomly	allocated	to	the	two	groups.	(Study	Group	n=8,	Test	
Group	n=5,	Control	Group	n=3)					 	 	 	 	 	 	 	

Variable		 									 		Study	Group(±SD)	 		Test	Group(±SD)		 Control	Group(±SD)	
Age (in years)        27.6 (10.1)             30 (11.9)       23.7 (5.9) 

Height(in cm)        167.1 (7.5)              164.6 (5.7)                      171.3 (9.6) 

Weight (in kg)        59.6 (6.7)              56.8 (3.6)        64.3 (8.7) 
Shoe size (in uk)               6.3 (1.3)               6.3 (3.1)        6.0 (3.6) 

Caffeine intake (cups/day)       1.8 (1.3)                2 (1.6)        1.3 (0.6)  

Running experience (in years)     7.5 (7.3)`                7.0 (8.4)         8.3 (8.5)          

Weekly running (in km)       3.1 (1.7)                3.9 (1.5)         2.5 (1.5) 

10K PB (min)        48.3 (7.6)                47.7 (5.7)                   49.0 (10.5)           	

2.3	Procedure	

   Testing took part at a running specialist retail store. First the participant performed a 

maximum voluntary isometric contraction (MVIC) of the ankle invertors and the 

strength was recorded. This was achieved with an FSR pad (Force Sensitive Resistor). 

The FSR sensor is a 1,75x1.5” pad that vary its resistance depending on how much 

pressure is being applied to the sensing area. The harder the force the lower the 

resistance, e.g. when no pressure is being applied to the FSR its resistance will be 

larger than 1 MegaOhm. The FSR can sense applied force anywhere in the range of 
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100 g to 10 kg. A script (appendix C) was used in the Arduino sketch pad in order to 

convert the digital data of resistance to an equivalent force in Newton and then from 

Newton in Kilograms using 1N = 0,1Kg (approx). The FSR sensor was placed on a 

vertical surface level to the floor. The recording of the data was initiated. The 

participant was asked to perform a MVIC contraction with the ankle invertors against 

the sensing surface to create a differential in the reads and evaluate and store the 

minimum and maximum pressure they were able to apply to the FSR sensor pad. 

They had the chance to first familiarise themselves with the actual ankle movement 

before recording started. The acquired data was saved and stored in two different 

locations (as a backup prevention). The maximum pressure for each participant was 

extracted and the data was ready to be processed in SPSS. Cheung & Ng (2007) used 

a similar method to assess foot inversion force but with the help of a wall-mounted 

dynamometer. 

   A treadmill was used for the running analysis as it is often considered to be more 

stable and controlled than overground running. The software Templo Lite was used 

for video recording of the foot and ankle. In addition to that a digital system 

comprised of a SparkFun 9DoF Razor IMU M0 board (Fig 1). This board combines a 

SAMD21 microprocessor with an MPU-9250 9DoF (nine degrees of freedom) sensor 

to create a tiny, re-programmable, multi-purpose inertial measurement unit (IMU). It 

can be programmed to monitor and log motion, transmit Euler angles over a serial 

port, or to even act as a step-counting pedometer. The IMU board (3x3x0,2cm circa) 

was placed under the left foot before the participant put the running shoes on. The 

shoes were provided and both models (neutral and stability) were standardised 

models. The first shoe was the neutral cushioned (Brooks Ghost 7). The participant 

had a 5 minutes habitation period on the treadmill and the shoes prior to testing. They 

then started running on the treadmill at a pace of 6mph/10km per hour. They ran for a 

few minutes while a posterior recording of the foot and ankle took place. The 

participants did not work to fatigue. A technical assistant collected the data by 

connecting the microprocessor to a laptop computer and logging the stream of data 

(captured every 10 milliseconds) on a text file (with a code for each participant rather 

than using their real name) saved on the hard drive of the laptop. The data (measured 

angles against ground plane) was then ready to later be analysed in SPSS. 
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Fig 1. IMU Board and description of 9 degrees of freedom measurements 

(accelerometer, gyroscope and magnetometer) that give it the ability to sense linear 

acceleration, angular rotation velocity and magnetic field vectors 

    

   After video recording the lower leg the researcher brought the sequence to slow 

motion and made a freeze image of the left foot in the stance phase. With help from 

the software Templo Lite a cross shaped tool was created and its horizontal line was 

placed parallel and level to the ground. This was used as base when working out the 

rearfoot eversion/inversion angle. It was a achieved by drawing a line from the 

horizontal base and straight up through the calcaneus. A 90° angle to the horizontal 

base was considered no movement, over 90° inversion and less than 90° 

eversion(pronation) at the ankle joint (Figure 2). Similar video analysis method was 

used by Sinclair et al. (2017) and they describe the angle measured as the calcaneal 

vertical angle. Each rearfoot angle was drawn up four times and the average was 

calculated and later used for analysis, this was to minimise any mistakes in the actual 

measuring. Data from the current study revealed that the level of eversion ranged 

between 0.3°-7.55°. 

Fig 2. Posterior view of the left foot and the eversion/inversion angle measured from the horizontal 
base and the calcaneus angle. 

   

   After the run the participant changed over to the the stability shoe (Brooks Vapor) 

and the same procedure followed. Details of both types of shoes can be found in 

Figure 3a and 3b. Each participant was categorised into either the intervention group 

or the control group by the ‘every other’ method and the researcher had no control of 
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in what order they were tested. The reason for that was because they were tested on 

different occasions and according to their individual availability. After finishing the 

tests on day 1 the runners in the intervention group received an exercise program and 

instructions to go home with over the following 6-8 weeks. The exercises used in the 

current study included ’single leg squats’, ’toe spread’, ’arch raises’ and ’calf raises’. 

They were to be performed every other day, at least, between the test days. Details of 

the exercise program can be viewed in Table 2. The participants in the control group 

received nothing. After 6-8 weeks all the participants (both from the intervention and 

the control group) were invited to testing again and the exact same procedure 

followed. To ensure compliance the participants were asked to complete an exercise 

diary and bring to the second test day. They were also contacted via telephone and 

email during the intervention period in order to encourage them with the exercises.   

Table 2 Exercise program prescribed for intervention group                                            
Exercise   Description        Repetitions     Sets                  
Single leg squats    Keep the knee in line with the middle toe,           10-18*        3 
   go as deep as comfortable. Work downward  
   rather than forward.   

Toe spread  Spread the toes as far as possible, create              10      To be held for 5-8sec 
   as much air as possible between the toes. 

Arch raises  Draw the arch upward and keep the foot in             10-18 *         3 
   a neutral position. Bend the other hip and knee  
   and do a running motion in the air. Assist with  
   swinging arms at 90 degrees. 

Calf raises  Keep both feet straight and in a neutral position              20-30*         3 
   while performing calf raises. Fast up, slowly down.                                                                     
Exercises were shown to the participant and tried out prior to going home to make sure there 
were performed correctly. Descriptions above were taken home as a reminder. They were 
asked to be carried out every other day, at least, for 6-8 weeks. 
*Number of repetitions were adjusted individually. The participants were asked to do the 
maximum reps they were able to prior to reaching fatigue, and still executing them with 
perfect form. 
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Fig 3. Specifications of shoes                                                   

3a. Neutral shoe (Brooks Ghost 7)              
BioMoGo DNA midsole, Omega Flex Grooves, Engineered Air Mesh, Shoe weight: 249g,  

Drop: 12mm  

3b.	Stability	shoe	(Brooks	Vapor)	

BioMoGo DNA midsole, Segmented heel Crash Pad, Diagonal Rollbar, Shoe weight: 309g,  
Drop: 12mm  

2.4 Statistical analysis 

   Statistical analysis were performed in IBM SPSS Statistic version 24, and non-

parametric statistical methods were used due to the small group size. Wilcoxon single 

rank test was used to test the differences within each group, and for comparisons 

between the two groups The Mann –Whitney U-test. The Spearman Correlation 

coefficient was conducted to calculate any correlations between the measurement and 

the individual parameters.  A p-level of <0.05 was accepted as significant. 

3. Results 

   There was no significant difference (p=0.881) within the groups in either neutral 

shoes or stability shoes when looking at the difference in eversion/inversion angle 

between the two test days. There was also no statistical significant difference 

(p=0.686) in the test group when comparing the ankle eversion/inversion angle in 

neutral shoes before and after intervention. Further, no significant difference was 

found in ankle strength before and after intervention in neither of the groups 

(p=0.655). Table 3 presents the measurements from MVIC inversion strength and for 

the inversion/eversion angle measured with video analysis.  
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Table	3	Maximum	voluntary	isometric	contraction	(MVIC)	ankle	strength	test	with	the	
Force	Sensitive	Resistor	(FSR)	pad	and	rearfoot	inversion/eversion	results	from	video	
analysis	in	both	types	of	shoes.	Each	group	presented	separately.																																																																													

Variable		 																 	 	Test	day	1	(±SD)	 	 Test	Day	2	(±SD)		 	

Test	group	

MVIC	(in	kgf)	 	 	 9.11	(5.70)	 	 					 					8.97	(5.84)	

Neutral	shoes	(in	°)	 	 88.07	(1.17)	 	 			 					87.92	(2.34)	 					

Stability	shoes	(in	°)	 	 90.19	(1.55)	 	 					 					89.73	(1.52)	

Control	Group	

MVIC	(in	kgf)	 	 	 	9.88	(3.24)	 	 				 				7.85	(2.66)	

Neutral	shoes	(in	°)	 	 	87.15	(4.08)	 	 					 				87.38	(1.95)		

Stability	shoes	 (in	°)	 	 	89.16	(2.86)	 	 				 				88.75	(1.82)	 	 									

4. Discussion 

   The purpose of the present study was to find out if an exercise program can reduce 

the level of rearfoot eversion/pronation to the same level as a stability running shoe 

with support under the midsole does. The results indicate that the level of eversion at 

the ankle did not have a significant improvement after this specific intervention. 

   However, there is a major limitation of this study which is the group size. A power 

calculation was carried out prior to testing in order to determine the desired size of the 

sample. The calculation was based on results found in previous literature: the mean 

and standard deviation of the maximum voluntary isometric contraction of the ankle 

invertors (Cheung & Ng 2007, Lilley et al. 2013). The calculation revealed that 24 

participants (12 in each group) would be necessary to get relevant results from the 

statistical analysis. Many runners originally expressed their interest in taking part, 

however due to various reasons only eight completed it fully. 

   When analysing the individual results however, it can be seen that three participants 

in the test group had a reduced level of eversion at the foot after intervention, and two 

did not. This suggests that it may be of interest to study a larger sample group and 

find out if a statistical significant difference can be found. There was also no 

significant difference in the difference in ankle strength before and after intervention 

in neither of the groups, however as above it would be of interest to see if it could be 

found in a larger population. This is because - although not statistically significant - 
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again three individuals reported an increased inversion strength post-intervention in 

the MVIC test, as opposed to two who did not. It was not all the same individuals as 

those who had a reduced rearfoot eversion after intervention. 

   The amplitude of 6 degrees of over-pronation was found in a number of studies 

(Cheung & Ng 2010, Andreasen et al. 2013). This was not achievable for the current 

study (eversion ranged between 0.3°-7.55°) due to the difficulties in recruiting 

sufficient number of participants, but could be an important aim for any further 

studies in the topic. This is likely to have had an impact on the result. Had there been 

a higher level of rearfoot eversion generally across the group the intervention would 

potentially have had a better effect. 

   It could also have been interesting to see the results after fatigue, which the current 

study did not cover. Sinclair et al. (2017) tested runners working to fatigue and found 

that the angle of calcaneal eversion was greater in female runners after 45min of 

running compared to when measured before. As mentioned above a greater rearfoot 

eversion may have benefited more from the intervention, and if the findings by 

Sinclair et al. (2017) would apply to the participants in the current study the overall 

results may have come out differently. Therefore, for any future research in the area 

the aspect of fatigue should be considered. 

   The exercise program was standardised and consisted of generally accepted 

exercises addressing both the intrinsic and extrinsic foot muscles. Previous studies 

have used for example ‘short foot’, quadriceps, gluteus and hamstring exercises 

(Andreasen et al. 2013). The Tibialis anterior and Peroneus longus work as major 

stabilisers of the subtalar joint where most rearfoot pronation occur and have been 

addressed before (Cheung & Ng 2010). Also the Abductor Hallucis muscle as it has 

been found to work as a dynamic elevator of the medial arch of the foot (Wong 2007). 

It can be argued that the exercises chosen and used in this study (’single leg squats’, 

’toe spread’, ’arch raises’ and ’calf raises’) were not sufficient or appropriate in order 

to achieve the desired result and it may therefore be necessary to amend or change the 

program accordingly for any future research in the area. A future study on the topic 

could potentially be done on one group only and the results simply be compared 

before and after exercise therapy. That type of study would have no control group 

however, which generally is useful when doing interventions of this character. The 
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current study had a control group and although the total sample size was limited it had 

this advantage.  

   Another aspect is compliance. The participants were asked to complete a diary in 

order to understand if the exercises were adhered to. The researcher also contacted 

them either via telephone or email during the intervention period to remind them 

about the exercises. Only one participant out of five in the test group returned the 

diary and the others only reported back verbally that they had performed them. 

Looking at individual results the participant who completed the exercise diary had a 

small improvement in eversion angle on test day 2 compared to test day 1, and also 

recorded more strength on the maximum isometric voluntary contraction MVIC on 

test day 2 than test day 1. This is an interesting finding and it can be questioned if the 

overall compliance was as high as desired, also considering the other diaries were not 

returned. 

   There are other limitations to be highlighted. The video analysis was performed 

with Templo Lite which gave a posterior 2D recording of the foot and ankle. Other 

studies have used similar methods, for example Sinclair et al. (2017) used Dartfish 

which is a comparable data analysis software to Templo Lite, and both are often used 

in commercial running retail environments. A more detailed video analysis would 

have been achieved with 3D equipment, but this was not accessible for the current 

research. Another aspect is whether to measure the eversion/inversion angle with or 

without shoes. It is likely to get a more accurate measure barefoot as it is possible to 

for example draw reference points on the foot and ankle. However, although it may be 

more difficult to get a precise measure in this way, the current study required the 

runners to be shod to achieve the actual purpose of finding out how the different type 

of running shoes worked for the level of eversion/inversion. For this reason the IMU 

board was used as an addition to the video analysis. With the aspiration being that it 

could give an extra set of angle measurements, potentially even more accurate, to use 

in the analysis. The IMU board has however yet to undergo scientific validation. 

   Figure 4 shows an example of how the results from the IMU can be used. The 

vertical axis being the inversion/eversion angle and the horizontal displaying 

milliseconds. At first recording was made continuously, which turned out to be 

complicated in order to understand exactly moment when the foot hit the ground (4a). 
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Therefore the method was adjusted and in figure 4b only the ground contact phase 

was recorded. As can be seen, many more values were recorded than with the 2D 

video analysis, due to the many motions the foot and ankle actually go through in the 

gait cycle, and the IMU sensor pick up on everything. For a future study hopefully a 

similar method can be used in order to obtain more accurate readings. Likewise, the 

FSR sensor pad used for measuring the maximum voluntary isometric contraction 

(MVIC) is a very useful indicator of the ankle invertor strength, but is also a method 

that has not yet been scientifically validated. Cheung & Ng (2007) used a wall-

mounted dynamometer to assess foot inversion force. 

Figure  4a. An example from the multi-purpose inertial measurement unit board (IMU) 
readings, first attempt. 

Figure 4b. An example from the multi-purpose inertial measurement unit (IMU) readings, 
revised attempt. 
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   All video analysis measurements were carried out by the same researcher. The only 

other person involved in the project was the technical assistant who was exclusively 

responsible for extracting the data from the microprocessor Arduino UNO and the 

FSR sensor, and was not involved in the testing or intervention in any other way. It 

was not feasible to blind the researcher to for example which shoes were being tested 

or which group the participant belonged to, as the researcher also administered the 

exercises. This could be argued to have a potential bias effect.  

    

5. Conclusion 

   In summary, the results from the current pilot study indicate that there was no 

statistical significant difference in rearfoot eversion/inversion in female endurance 

runners after exercise therapy carried out over several weeks between test days. 

However, due to the small group size and after analysing individual results it would 

be of interest to see the study on a larger scale. More research in the topic is therefore 

needed to find if there is a relationship between exercise therapy and rearfoot eversion 

in a larger population. 
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7. Appendix A: Participant Information Sheet 
Information about taking part in a research project for over-pronating female 
endurance runners 
You are hereby invited to participate in a study on over-pronating female endurance runners. 
It is a research project which aims to compare methods to control over-pronation in running. 
We are looking for experienced runners who run a few times a week and are comfortable 
running a distance of at least 10km. You need to be female, injury-free and an over-pronator. 
If you are not sure you can come for an initial screening and we will find out if you are 
eligible for the study. Only females will be tested this time to ensure the sample group is as 
homogenous as possible. If the result of the research is positive it will be suggested that a 
similar study should be carried out also on men in the future. 
Your participation will involve attending for approximately 1 hour on 2 test days with 6-8 
weeks between. The strength of your ankle muscles will be measured each time by 
performing a short contraction. You will then do a short run twice on a treadmill, each time 
with different types of running shoes which you will be provided with. Each run should last 
for no more than 10 minutes and you will not be required to work to fatigue. If you are 
unfamiliar with running on a treadmill it may take a moment to get used to it, apart from this 
your participation should not cause any discomfort. 
You may be given an exercise program to go home with which you will be expected to do 
regularly between the test days. Who gets the program will be determined at random. If the 
exercise program proves to be beneficial it will be offered also to the participants who 
originally did not receive it.  
The project is led by a sports medicine student at master’s level. Please note that participation 
is completely voluntary and you may withdraw from the study at any time without 
justification. This would not influence the outcome of the study.   
Your participation would also be anonymous to anyone outside the research team, and all 
personal data and results will be kept confidential, locked away and only accessible to the 
research team.  For the supervisor or anyone else who needs to see the results a code system 
will be used to ensure your personal details always are protected.  The final result of the study 
will be presented in a written paper which you will be invited to read. 

For more information and to express interest of participation please contact anyone of the 
responsible persons indicated below. 

Student Researcher:         Faculty Supervisor: 
Sofia Kyrk Tibuzzi           Ulla Svantesson/Anna Hafsteinsson-Östenberg 
stibuzzi@gmail.com         anna.hafsteinsson-ostenberg@lnu.se 
07962 54 30 94                 +46 734 216 246 
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Appendix B: Informed Consent 

Participant Consent Statement 

   
I understand that my participation is voluntary and that I may withdraw from the 
research at any time, without giving any reason.   
  
I am aware of what my participation will involve.  
  
I understand that there are no risks except that of normal running involved in the 
participation of this study.  
  
All questions that I have about the research have been satisfactorily answered. 
 

I agree to participate.  

Participant’s signature:  __________________________________    

Participant’s name (please print):  __________________________________  
 

Tick this box if you would like to receive a copy of the final paper when the study is 
completed.  

E-mail:  ______________________________    

Date:     ______________________________ 
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Appendix C: Arduino sketch pad script 

Script used in the Arduino sketch pad in order to convert the digital data of resistance to an 
equivalent force in Newton and then from Newton in Kilograms using 1N = 0,1Kg 

/* FSR testing sketch.    
Connect one end of FSR to power, the other end to Analog 0. 
Then connect one end of a 10K resistor from Analog 0 to ground    
For more information see www.ladyada.net/learn/sensors/fsr.html */   
int fsrPin = 0;     // the FSR and 10K pulldown are connected to a0 
int fsrReading;     // the analog reading from the FSR resistor divider  
int fsrVoltage;     // the analog reading converted to voltage 
unsigned long fsrResistance;  // The voltage converted to resistance, can be very big so make 
"long" 
unsigned long fsrConductance;          
long fsrForce;       // Finally, the resistance converted to force 
void setup(void) { 
Serial.begin(9600);   // We'll send debugging information via the Serial monitor} 
void loop(void) { 
fsrReading = analogRead(fsrPin);   
Serial.print("Analog reading = "); 
Serial.println(fsrReading);   
// analog voltage reading ranges from about 0 to 1023 which maps to 0V to 5V (= 5000mV) 
fsrVoltage = map(fsrReading, 0, 1023, 0, 5000); 
Serial.print("Voltage reading in mV = "); 
Serial.println(fsrVoltage);     
 if (fsrVoltage == 0) { 
Serial.println("No pressure");   
} else { 
// The voltage = Vcc * R / (R + FSR) where R = 10K and Vcc = 5V 
 // so FSR = ((Vcc - V) * R) / V        yay math! 
fsrResistance = 5000 - fsrVoltage;     // fsrVoltage is in millivolts so 5V = 5000mV 
fsrResistance *= 10000;                // 10K resistor 
fsrResistance /= fsrVoltage; 
Serial.print("FSR resistance in ohms = “); 
Serial.println(fsrResistance); 
 fsrConductance = 1000000;           // we measure in micromhos so  
fsrConductance /= fsrResistance; 
Serial.print("Conductance in microMhos: "); 
Serial.println(fsrConductance); 
 // Use the two FSR guide graphs to approximate the force 
if (fsrConductance <= 1000) { 
fsrForce = fsrConductance / 80; 
Serial.print("Force in Newtons: "); 
Serial.println(fsrForce);       
} else { 
fsrForce = fsrConductance - 1000; 
fsrForce /= 30; 
 Serial.print("Force in Newtons: “) 
Serial.println(fsrForce);             
} 
} 
Serial.println("--------------------"); 
delay(1000); 
} 

Further information: https://learn.adafruit.com/force-sensitive-resistor-fsr/
using-an-fsr
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